In the past decades, the use of technology-aided rehabilitation is widespread in clinical setting and it has Beyond therapists: Technology-aided physical MS rehabilitation delivery
Introduction on rehabilitation needs and approaches
Due to central nervous system damage, persons with Multiple Sclerosis (pwMS) experience gait and mobility impairments, balance disorders, manual dexterity, arm function, fatigue, and cognitive impairments, with direct consequences on quality of life (QoL). Moreover, PwMS are less physically active compared with healthy controls and this can increase disability itself. 1 Given of the wide variation and intensities of disability, tailoring rehabilitation is essential for MS management. Recent reviews confirmed the potential benefits of exercise training as a form of rehabilitation, on spasticity, walking, balance, upper limb function, fatigue, depression, cognition, and QoL not only in PwMS and mild to moderate disability 2, 3 but also in PwMS with severe disability. [4] [5] [6] Exercise by resistance and endurance training is aiming to improve physical fitness and muscle strength, which has been shown to be effective, especially in persons with mild to moderate MS including also those with progressive form of MS. 7 Interventions that promote physical activity are also encouraged in PwMS. Indeed, exciting guidelines suggest how PwMS and mild to moderate disability should undertake at least 30 minutes of moderate-intensity aerobic activity and strength exercises for major muscle groups 2 times/week. 8 For functional recovery, however, task-specific repeated training seems also needed in order to facilitate activity-dependent neuroplasticity involving spinal pattern generators or motor pathways in the brain. For example, changes in white matter microarchitecture or in functional connectivity following both task-oriented and selective training have been reported for balance and upper limb function. 9,10 During repetitive training, many therapists prefer to practice with a preserved good movement quality in order to induce a restorative motor behavior instead of a compensatory one. Another key role for functional recovery and motor learning is the cognitive control of movements. Motor control is the result of interaction between neuromuscular, musculoskeletal, and cognitive components including attentional control mechanisms. Motor learning is characterized by an evolution from a conscious cognitive stage via an associative phase to automatic movement execution. During many activities of daily living (ADL), people need to perform more than one task at a time. Dual task performance (capacity to do a second task simultaneously) is the most common method to quantify the amount of cognitive processes needed during a motor task. Given that dual tasking is frequently impaired in MS, 11 rehabilitative treatment of patients with MS does not have to consider separately the motor and cognitive aspects.
been proposed as an emerging approach that offers great potential for restoring motor functions and activities. Some new technologies have been advocated to help therapists delivering a repeated, intensive practice of skilled motor tasks in a motivating, engaged, and enriched environment while addressing movement quality. Others focused on physical activity to be practiced during serious games and virtual reality environments.
The most investigated application of technology in MS rehabilitation is the development of robotics devices that help patients moving their limbs. Next to this, low-cost, off-the-shelf, gaming devices have been rapidly introduced into clinical setting as rehabilitative tools. In the following paragraphs, we will discuss the major application of technology-aided rehabilitation in PwMS with specific focus on the potential characteristics that can promote functional recovery and selecting devices that were tested in controlled experimental settings. See Table 1 for a general overview of how devices are addressing the key functional recovery factors.
Robot-assisted gait training (RAGT)
Clinical robotic gait machines can be divided into two groups: so-called grounded end-effectors and exoskeleton devices as alternative for treadmill training with partial body weight relief against gravity. Gait Trainer (Reha-Stim, Berlin, Germany) and G-EO System (Reha Technology, Switzerland) represent the most popular end-effector devices with electromechanical driven footplates that guide the feet and reproduce gait trajectories with a varying degree of support provided. The Lokomat (Hocoma, Switzerland) is the most popular exoskeleton device. Patients wear a harness attached to a system to provide body weight support and walk on a treadmill with the help of robotic-driven gait orthosis. The torque of the knee and hip drives (guidance) can be adjusted from 100% to 0% for either or both legs. The speed of the treadmill is set from 0 to approximately 3 km/h and body weight support ranged from 0% to 100%. As training progresses, adjustments in the guidance, the level of body weight support, and treadmill speed are adjusted according to subject performance. A recent review on the effects of electromechanically driven gait orthosis in stroke survivors at risk regarding independence in mobility concluded that people who receive robotic gait training in combination with physiotherapy are more likely to achieve independent walking than people who receive gait training without robotic devices. 12 In the past decade, several studies revealed positive effects of RAGT in pwMS in knee extensors muscle strength, 13 gait speed, 13-15 walking endurance, 13-18 balance, 15,18,19 kinematics, 17 QoL, 15, 16, 18, 20 and fatigue. 14, 20, 21 Most of the studies were conducted with an exoskeleton dev ice, [13] [14] [15] [16] [17] [18] 20, 22 while two studies applied an end-effector device. 19, 21 Even though these positive but short-lasting effects, especially seen in PwMS and severe gait disability, 15,22 a clear superiority of RAGT on traditional overground gait training supervised by therapists has not been established. 15 In a recent study, the dose of gait practice delivered by RAGT was monitored, confirming that it is as a valuable option to deliver a high dose of task-oriented gait practice (nearly 900 m/session) in patient with severe mobility impairments. 15 However, in future trial design, it will be useful considering the dose and intensity of the training as a factor potentially influencing the outcomes. Another potential way to increase the effects of RAGT is to increase motivation, engagement, and the cognitive control of gait during training, adopting a system with an augmented feedback embedded. 23 In conclusion, RAGT can be considered a high-repetitive, task-oriented gait practice, potentially motivating and engaging a cognitive control of movement. 23 However, the quality of movements during RAGT in terms of kinematics 24 and muscle activity 25 is not identical with respect to physiological gait. Furthermore, RAGT is less energy-consuming and cardiorespiratory stressful than overground gait training 26, 27 and cannot be considered an aerobic training with the current modalities. The next generation robots are the powered exoskeletons, such as Ekso Bionics TM (Richmond, USA) and ReWalk Robotics TM (Marlborough, USA).
Upper-extremity robotics and electromechanical devices
The end-effectors represent the "first generation" of arm robots that primarily trains multi-planar reaching movements or single movements at an impairment-based level. These devices might deliver a massed motor practice with the dose of exercise (i.e. more than 1000 repetitions) being closer, compared to conventional therapy, to task repetition numbers required to induce neuroplastic changes in other conditions such as stroke. However, a clear doseresponse effect on arm recovery has not been proved so far. 28 The first and most popular upper-extremity end-effector, named MIT-MANUS (nowadays InMotion; BIONIK, USA), is a two degree of freedom endpoint manipulator, in which additional distal modules have been introduced to train wrist and hand movements as well. Goal-directed movements at the body function level of the ICF (International Classification of Functioning) are practiced regarding amplitude, accuracy, and coordination. In 2010, the VA-ROBOTICS study reported a superiority of robotic therapy over usual care but not over an intensity-matched arm rehabilitation in a large sample of people with chronic stroke. 29 More recently, the "second generation" of arm robotics, the exoskeletons, has been developed, with the aim of increasing the complexity of the movements trained and delivering a more task-oriented practice with the help of virtual reality scenarios. The ARMEO spring (Hocoma) is a five degree of freedom passive electromechanical device that delivers a repetitive, taskoriented arm movements in a virtual reality environments. The mechanistic principle is that the device allows for personalized gravity compensation support to the arm and enhancing the patient's the planar reaching workspace area. 30 Rehabilitation with this device led to similar short-term but superior long-term effects of the functioning of the paretic arm in chronic stroke patients. 31 The seven degrees of freedom ARMEO Power (Hocoma) supports the physiological movements of the arm and the opening and closing of the hand, providing an intensive and task-specific motor training in a virtual environment with positive effects on motor function in chronic stroke survivors. 32 Some studies tested the effects of arm robotics in MS population, 33-39 reporting positive effects on reaching spatio-temporal parameters and smoothness 33,40 or arm function 35,37 and hand muscle activity. 39 Furthermore, the additional use of functional electrical stimulation (FES) could improve motor learning by focusing on arm movement accuracy. 36 In conclusion, arm robotics, eventually combined with virtual reality or FES systems, is an option to deliver arm massed practice. However, robotic therapy focuses more on movement training at ICF body function level than task-oriented training at ICF activity level. One is currently observing a fast development of rehabilitation technology that is incorporating real world objects in order to apply intensive task-oriented training in an engaging environment. Examples are the Myro (Tyromotion, Austria) or Tag Tiles & Trainer (Symbiotherapy, the Netherlands), but results of studies in MS are currently not yet available.
Exergaming, serious gaming, and balance training
In recent years, gaming technology has been accepted, also in MS, as a novel tool to facilitate exercise and encourage independent training, given their low-cost, great portability, off-the-shelf software and devices available. It has several advantages for promoting motor learning such as "variance practice," "progression," task-oriented (especially for balance) repetitive training, and real-time multisensory feedback, with the chance of delivering an engaged, high-repetitive, individualized, active experience that follows motor learning paradigms and can induce changes in microarchitecture of white matter tracts. 41 Task variations included weight-shifting, obstacle negotiation, and dual tasking. Moreover, immediate multisensory feedbacks that can contribute to learning motor skills and increase motivation are typically provided. 42 Indeed, during training, players constantly receive feedbacks about the accuracy of their performance, which is a fundamental step in engaging the reward system and in increasing patients' attention and motivation. 43 Both the Wii and the Kinect use body motion to control game play: the Wii uses handheld controllers and a balance board, while Kinect uses sensors to capture players' movements. Some reviews 44, 45 explored the role of gaming technologies in improving balance or gait in PwMS with inconclusive results. Positive effects of Wii games on balance have been found, 46 and a potential use as an home-based treatment has been proposed. 47 Conversely, a negative study was published with the same device. 48 The chance to adapt systems to induce a more challenging and customized virtual environment seems to be more efficient than commercialized off-the-shelf software. For example, combining exergames with an unstable platform was more effective in dual-task conditions. 49 Other promising effects on balance, 50 gait, 51 or arm function 52 have been found using a more expensive and immersive virtual reality system (CAREN, the Netherlands) 50 combined with a treadmill training 51 or serious games specifically designed for training arm function. 52 In conclusion, gaming technology is a valuable tool for increasing physical activity in PwMS in clinic or at home; moreover, it has great potential of inducing learning of new motor tasks following the motor learning principles. However, the available off-theshelf software have several limitations especially in the accurate monitoring of the movement quality and the development of bespoke training software tailored on specific rehabilitation needs are encouraged.
Clinical considerations and future directions
There are several overcoming barriers to technologyaided rehabilitation adoption in clinical practice, such as technological, clinical, and economical. The first one is related to its acceptance by caregivers and healthcare professionals. We presented several options of technology-supported rehabilitation, but those also have shortcomings. For example, it is likely correct that the RAGT and upper limb robots are appropriate environments to deliver massed practice of movements without a physical burden on the therapist and with high motivation by the patient. As such, therapy outcome can be reached easier with less supervision needed by therapists. However, many movements are trained on the ICF body function level and not within a task-specific context. As such, studies investigating high-cost robots did not yet demonstrate appealing improvement of skilled tasks. Therefore, rehabilitation treatment in PwMS should focus on a multi-modal training approach to allow the realization of the "far transfer effect." Far transfer effect refers to the occurrence of transferring improved performance in a specific function to different untrained functional domains. 53 Rehabilitative treatments that target specific cognitive and motor dimensions show little or no transfer effect if not complemented with therapist-assembled functional exercises. One can conceive more variation in walking directions and surfaces, or three-dimensional reach-and-grasp movements during guided sessions. A second concern from a clinical perspective is that unsupervised training with technology may also be harmful, especially with end-effector devices. So far, adverse effects have not well been documented although muscle soreness and shoulder pain can be expected if patients are getting fatigued, perform more unwanted compensatory movements but still try to competitively reach their gaming goals. We refer to the study of Lo et al. 29 in stroke, for an example, and advocate for sufficient feedback mechanisms of the movement quality during exercise. A third concern may be cost-effectiveness. While we believe that high-cost devices have larger potential to allow rich feedback-based movements as well as "assistance-asneeded," particularly useful for those patients with severe disability, it comes at a high infrastructure cost of material and space, as well as handling time to put patients in robotic devices and get them started. It is, however, noticed that tertiary specialized centers start to budget high-cost devices and reflect on more efficient delivery methods, for example, by setting up technology gyms with one supervisor for multiple patients practicing on several devices. This evolution is increasingly noted, in fact while health economic studies are still lacking in MS. Future studies need to focus on responder analysis in order to define which patient category has highest chances to benefit from technological-based training for (integrated cognitive-) motor outcomes compared to conventional training. The challenge then is whether patients have sufficient benefit for a longer period of time, or need to practice regularly to keep the obtained benefit.
Low-cost devices including engaging gaming environments are often used in all settings, but are less specific regarding task-training or monitoring the quality of movements. 54 However, the capacities of these devices, especially of the virtual reality glasses, are evolving at fast pace.
In the next future, the role of technology-aided rehabilitation would be further explored with the aim of increasing the active participation of patients to their motor recovery process and physical activity level. For example, a new era of gait devices with overground exoskeletons, like Keeogo (B-Temia, Canada), enable PwMS to exercise on unassisted gait endurance and stair climbing at home. 55 Mechanical wearables are now also developed for the upper limb, both as assistive as well as training device. Moreover, motor outcomes can be further increased by the development of close-loop systems where brain networks and motor effectors are coupled, such as brain-computer interface and neurobionics technologies, 56 even though more research is needed to explore the possible therapeutic effects for PwMS. Another promising strategy to increase the effects of technology-supported rehabilitation is the combination with non-invasive brain stimulation techniques. However, functional reorganization processes could be limited by MS-specific characteristics and the accumulation of structural central nervous system damage. The threshold when to focus on compensation of function compared to restoration of voluntary movements is not yet well-known.
Conclusion
We have provided an overview of so-called new technologies that may support functional recovery by allowing unsupervised massed practice. The clinical centers do increasingly integrate low-and high-cost devices within their programs, while technology companies are emerging and integrating the clinician's and patient's opinion in new developments. However, the changes do also require different capacities of the workforce, as they are now forced to explicitly reflect on progression of active training ingredients, and need to be able to program this in the software of technical devices.
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